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English Abstract 

A novel fluidized bed syngas (FBSG) injector/reactor apparatus and an efficient process for the 
partial oxidation and steam reforming of light hydrocarbon gases such as methane, to convert such 
gases to useful synthesis gas containing CO and H2 for recovery and/or subsequent hydrocarbon 
synthesis. Sources of a light hydrocarbon gas, such as methane, and oxygen or an oxygen-containing 
gas are preheated and pressurized and injected through gas orifices of an injector at high velocity and 
comparable momentums into admixture with each other in the desired proportions, at a plurality of 
mixing chambers or recessed cups which are open to the fluidized bed reaction zone of a reaction 
chamber and are spaced over the face of the injector, to form a reactant gas premix having a pressure 
drop of at least 1 % through the injector. The gaseous premix is injected in a time period which is 
less than its autoignition time, preferably less than 9 milliseconds, at a velocity between about 25 to 
1000 feet/second, into a partial oxidation reaction zone comprising a fluid bed catalyst so that the 
gas mixture reacts in the catalyst bed, to reduce the amounts of C02, H20 and heat produced by the 
partial oxidation reaction to favor the desired stoichiometry. The formed syngas is cooled and 
recovered, such as use in further synthesis processing. 

French Abstract 

L'invention concerne un nouvel appareil a injecteur/reacteur en lit fluidise de production de gaz 
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synthetique et un precede efficace d'oxydation partielle et de reformage a la vapeur de gaz 

^.S^^du ^ctlS ^ ^ PCrmettant ^ COnVCrtir leSdkS « i sy^hetique 
utile contenant du CO et du H2, pour la recuperation des hydrocarbures et leur synthese ulterieure 

De sources de gaz d'hydrocarbures legers, tel que le methane, de 1'oxygene ou dug£ cSSTie 

I oxygene sont prechauffes, pressurises et injectes par les orifices de parage de gaz dTnTnfecteur a 

grande Vitesse, selon des impulsions comparable*, sous forme de melange dan if TquanU te 

voulues, au niveau de plusieurs chambres de melange ou de coupelles en ret ak SZEScbns 

une zone de reaction en lit fluidise d'une chambre de reaction et qui sont espacee m la free dT 

sZoZf T qU ' Un P T reme,ange C ° nStitUe de «" reactant - i ^^ssTon d" u ^oTns % 
on teZ! fl mJeC U P reme,an * e 8 a ^ux est injecte pendant un laps de temps infer ieu a 

Tua S CO^tTlT k m H ,ange g3ZeUX reagiSSe *"» ^K^que les 
eventuellement utilise dans un traitement de synthese ulterieur. P 
Detailed Description 

^srD^srE^r for producing s wthesis ° As 

Field of the Invention. 

thereof. Such syngas, comprising a mixture of earbon monoxide and hydrogen Tusefa S 7, 

s~seh v P tr f other va,uab,e " «* sss ™ f r e 
H2 h o :r^^forr g ssr e gas at loooT is hish,y — - °* «. 

CH4 + 202 -* C02 + 21-120 (- 190.3 kcal/g mol CH4) 

of methane is a less highlv exothetW r^H™ , ? V j cnem,stnes - The partial oxidation reaction 
flTSio^ 

2CH4+202= 2CO + 2H2+ 2H20 64 kcal/g mol CH4). 

^TAo 02 n^° + 3H2+ 1 1420 34 ' 9 kca,/ S m °l CfQ. or 
2CH4 + 02= 2CO + 4H2 + OH20 5.7 kcal/g mol CH4) 
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. @ It is most desirable to enable the partial oxidation reaction to proceed according to the latter 
reaction in order to produce the most valuable syngas and mmunize the amount of heat produced, 
thereby protecting the apparatus and the catalyst bed, and to reduce the formation of steam, thereby 
increasing the yield of hydrogen and carbon monoxide, and enabling the steam-refonning reaction to 
convert any steam and hydrogen into useful syngas components. 

Conventional syngas-generating processes include gas phase partial oxidation process(GPOX), the 
autothermal reforming process (ATR), the fluid bed syngas generation process (FBSG), the catalytic 
partial oxidation process (CPO) and various processes for steam reforming. Each of these processes 
has advantages and disadvantages when compared to each other. 

The ATR process and the FBSG process involve a combination of gas phase 
partial oxidation and steam reforming chemistry. 

In the ATR process, illustrated, for example, by US Patent 5,492,649 and 
Canadian Application 2,153,304, the gases are intended to react before they reach the catalyst i.e., 
the oxidation chemistry occurs in the gas phase, and only the steam reforming chemistry occurs in 
the catalytic bed. In fact long residence times are required because diffusion flames are initiated with 
a large amount of overoxidation, accompanied by a large heat release. Thus, time is required for the 
relatively slow, endothermic gas phase steam reforming reactions to cool the gas enough for 
introduction into the catalyst bed to prevent thermal damage to the catalyst. 

In the FBSG process illustrated for example by U.S. Patents 4,877,550; 
5@ 143,647 and 5. 160,456, the hydrocarbon gas, such as methane, and oxygen or an oxygen- 
supplying gas are introduced separately into a catalyst fluid bed for mixing therewithin. While the 
gases may be introduced at a plurality of sites, to more evenly distribute the gases over the inlet of 
the fluid bed of the reactor, the fact that the gases mix within the flifid bed results in over-oxidation 
hot spots and catalyst sintering or agglomeration due to the oxygen concentration being higher and 
closer to fiffl-combustion stoichiometry in areas closest to the oxygen injection sites. The gas phase 
partial oxidation and steam reforming chemistry employed in the FBSG and the Autothermal 
Reforming (ATR) processes have very similar material balance when using similar feed. However, 
ATR is limited in size by the scaleability of its injector design, and the more-scaleable FBSG is 
economically debited by the cost of fluid solids and dust cleanup and by the expense of replacing 
agglomerated and/or eroded catalyst. The dust comprises catalyst fines due to catalyst attrition in the 
bed, and these fines are expensive to clean out of the syngas. While the chemistry is correct these 
two processes have significant drawbacks. Both require very large reactors. For FBSG there is a 
significant expense in fluid solids management. For Autothermal Reforming there is a large and 
problematic methane/oxygen feed nozzle. 

Fluid bed processes are well known for the advantages they provide in heat and mass transfer 
characteristics. Such processes allow for substantially isothermal reactor conditions, and are usually 
effective in eliminating temperature runaways or hot spots. However, with 02 injection the complete 
elimination of hot spots is impossible, although the fluid bed does tend to minimize the heat 
intensity. Catalyst strength or attrition resistance is important for maintaining the integrity of the 
catalyst and minimizing the formation of fine particles that may be lost from the fluidized bed 
system, especially those particles not recoverable by use of cyclones and deposited in down stream 
equipment causing fouling or reverse reactions as temperature is decreased. Erosivity or the 
tendency to erode equipment must be contained since catalyst erosivity usually increases in catalysts 
with increased attrition resistance. 
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Additionally, the relatively high temperatures, e.g., above about 1650' F., found in reforming 
reactions, where oxygen gas is present can cause agglomeration of the fluidized catalyst particles, 
leading to lower catalytic efficiency (e.g. lower conversion), larger particles that are more difficult to 
fluidize, greater wear on equipment due to greater momentwn and impact forces, and clogging of 
lines. For example, a common catalytic material nickel, even when deposited in small amounts on a 
suitable carrier e.g., less than about 5 wt % nickel on a support, tends to soften at reaction 
temperatures (due to its reactivity with the support phase and formation of reactive/lower melting 
mono-and polymetalic oxide phases), which become sticky, and generally lead to particle 
agglomeration. Particle agglomeration, in fact, tends to increase as the amount of nickel present in 
the catalyst bed increases or as the Nicontaining phase is subjected to multiple oxidizing and 
reducing cycles as it is transported through the fluid bed. 

Particle agglomeration is particularly increased by the high temperature, e.g., above about 2500T, 
that occur when oxygen is introduced separately into the fluid bed. Thus, maintaining the level of 
nickel on catalyst at rather low levels, and avoiding exposure of the catalyst to high temperatures, 
minimizes particle agglomeration. On the other hand, sufficient nickel is required for providing 
economical feed conversions to synthesis gas, i.e., within about 250'F approach to equilibrium, 
thereby minimizing the level of CH4exiting the syngas generation zone. 

it is a principal object of the present invention to provide an improved FBSG process which avoids 
the aforementioned disadvantages of conventional FBSG processes by operating under conditions 
which avoid high runaway oxidation temperatures and catalyst particle agglomeration, erosion, and 
dust formation, and enable the use of more active catalysts due to the reduction in severity of 
temperature and reduction-oxidation cycling experienced by the catalyst. 

SummM of the Invention 

The present invention relates to a novel compact apparatus and an efficient fluidized bed syngas 
generation process for the partial oxidation and steam reforming of light hydrocarbon gases to 
convert such gases, such as methane, to valuable synthesis gas at moderate H2/CO ratios desired for 
subsequent hydrocarbon synthesis by forming a premixture or premix of the hydrocarbon and 
oxygen gases, and steam if desired, having the desired stoichiometric molar ratio of excess 
hydrocarbon gas to oxygen gas, and rapidly injecting and reacting the premix within the fluidized 
catalyst bed at relatively low temperatures which avoid thermal damage to the catalyst particles, such 
as agglomeration, fusion and dust formation. The essence of the present process involves providing 
pressurized sources of a light hydrocarbon gas containing C, to C4 alkanes, such as methane, and 
oxygen or an oxygen-containing gas, preheating said gases, and injecting individual streams of said 
gases at high velocity and comparable momentums into admixture with each other to form a gaseous 
premix having a pressure reduction equal to at least 1 1/6, preferably 3% and most preferably 5% or 
more compared to the lowest upstream pressure of either of the gas streams, and having the desired 
relative molar proportions, e.g., oxygen: carbon molar ratio of from 0.3 up to 0.8 to 1.0, preferably 
0.45 - 0.70 to 1.0, at a plurality of mixing zones comprising injection nozzles or cups which are open 
to the fluidized bed reaction zone and are spaced over the face of an injector of the type used in the 
rocket or aerospace industry, The gas mixture preferably is injected within a maximum residence 
time within the mixing zones or injector nozzle cups less than its autoignition time, preferably less 
than 9 milliseconds, more preferably less than 2 ms and most preferably less than 1.0 millisecond, at 
a velocity between about 25 and 1000 ft/sec, preferably 50 and 500 ft/sec, and most preferably 
between 50 and 300 ft/sec, into the partial oxidation reaction zone comprising the fluid bed catalyst 
so that the gaseous premix reacts before or simultaneously with the autoignition time delay of the 
mixture, to reduce the amounts Of C02, H20 and heat produced by the partial oxidation reaction to 
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favor the desired stoichiometry, i.e., 

2CH4 + 02 -+ 2 CO + 4142 + OH20 - 5.7 kcal/g mol CH4. 



w7£l 1 Pr ° CeSS 3 ^ ParatUS re P resents an im P^ved fluid bed syngas generation process 
(FBSG) by forming a premixture of the fight hydrocarbon fuel gas and the ofidizingTas and 
substantially reducing the delay time between the fonnation of the premixture o Tth ^preheated 
pressurized reactant gases in the desired stoichiometric amounts and the intrXS, 
homogeneous gaseous premix to the fluidized bed catalytic reaction zone. The reduced delav time or 
duration of existence of the formed stoichiometric gaseous premix, prior to con SSS^L 
avoids the problems of over-oxidation, as occurs in conventional FBSG pn^ wte^c «v«n 
reacts ,n an oxygen-rich zone near the oxygen injectors, catalyst sintering due t hfh!gT ^ 

5KTZ^ - -» ~ * - -lol nature of 

The hydrocarbon gas stream introduced to the mixer/injector may contain 
components other than methane and C2-C4 hydrocarbons For examnl P Hon an H r™ 

Other components, for example, H2, CO, Ar. N2. NH3, HCN, 1-12S. COS, CS2. 

nyarocarDon gas although h.gher levels may be present. The oxygen-comainina eas stream 
mlroduced to the m,xer/i„jector may likewise contain component other ZoxySn ^e 

Ld H20 e m S a a v r h ' yP ? N2 ' C ° 2, H2 °- a " d An W of tese component,, es£c?ai.y m CG2 
and H20, may be present m major amounts, from 0.0 to 4.0 mol per mole of oxygen ran o,h„ 
components are typically present in lesser amounts, normally t Js thaTo l^Zf^Zr 

^0=^ «•?"» ^ «*>»« "hen the 

For the case where hydrocarbon (abbreviated HQ and oxygen-containing 
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(abbreviated OX) feed streams are being mixed, we defined En, using the following equation. 
Em = ((XHC/XOX)MN/(XHC/XOX)MAX)0.' 

Where XHc and XOx represent mole fractions in the gaseous premix of hydrocarbon gas and 
oxygen-containing gas, and the subscripts "MIN" and "MAX" designate that 
these are the minimum and maximum ratios found in the stream. Thus, 
(XHC/XOX)m,N represents the minimum HC/OX mole fraction ratio found in the composition 
profile. As so defined, En, reaches a value of 1.0 when the gases are perfectly mixed, and will have a 
value of 0.0 if the stream has any locations that are completely unmixed (has a location where the 
composition is equal to that of either feed stream). 

In the practice of the present invention, the gaseous premix achieves a high degree of mixedness, 
quantified as Em, in a minimum amount of time. We define this rate of achieving high mixedness by 
specifying the distance downstream of the injector at which a given Em level will be attained. 
Because injector sizes may vary greatly, and because mixing distances tend to scale linearly with 
injector size, we define the distance downstream of the injector in proportion to a critical nozzle 
dimension. In particular, we define L as the distance downstream from the point of initial contact 
between the gases, adjacent the floor of the mixing nozzle, and we define D as the diameter or 
similar dimension of the largest orifice through which either feed stream is introduced into 
admixture in the nozzle. DAx is the diameter of the exit orifice feeding the gas stream that is most 
axial with the gaseous premix, path, or most near the center of the injector or as the strewn being 
introduced in the fewest number of orifices within the nozzle. It is preferred that mixing nozzles be 
used in the present invention that achieve and E.. > 75% at a distance downstream of LJDAx up to 
about 10, generally between I and 6. It is more preferred that nozzles achieve En > 80% at this 
distance, and most preferred that nozzles achieve E,„ > 90% at this distance downstream. 

An important parameter defining the effectiveness of mixing is the 

1 1 momentum ratio" of the streams being mixed. The momentum of a stream is defined as the 
product of the velocity of a stream as it is injected into the mixing zone multiplied by the stream's 
mass rate. For efficient mixing the ratio of the momentums of the mixed streams should be 
comparable. Poor mixing performance can occur if momentums of the streams are disparate. In the 
case of a mixing nozzle with axial injection of oxygen-containing gas and radial - or somewhat 
radialmjection of hydrocarbon gas, the ratio of the momentum of the hydrocarbon gas to the 
momentum of oxygen-containing gas is preferably in the range of 0.5 - 4.0 most preferably from 1 0 
- 3 For the opposite case of axially-injected hydrocarbon gas and radially-or somewhat radially- 
injected oxygen-containing gas, the ratio of the momentum of the hydrocarbon gas to the momentum 
of oxygen-containing gas is in the range of 0.25 - 2.0, preferably from 0.33 - I.O. It is understood 
that if a gas is injected in more than one stream into a mixing chamber then the sum or the 
momentums, or summed momenta, of all of the strewns of the particular gas is used in the 
calculation of the momentum ratio. 

The present process and apparatus enables the partial oxidation and steam reforming reactions to be 
completed while the gaseous premix is in contact with the catalyst as a homogeneous and 
stoichiometric mixture, since uniform gaseous premixes are formed at and ejected from the plurality 
of ejector nozzles which are distributed over a wide diameter injector face corresponding to the wide 
diameter entry face of the fluidized bed reactor, thereby avoiding the introduction of oxygenlean or 
oxygen-nch gas mixtures, which can interfere with the desired stoichiometric reaction and can result 
in hot spots which can bum or sinter and agglomerate the catalyst. 
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« J h 7 reS Ti m f 1_0r ; CC ' largC diameter injectors °P erate at extrem ^y high speeds, up to sonic 
speeds, and discharge the separate gases, e.g., methane and oxygen, in a predetermined ratio torn 
c osely-spaced orifices, within up to about 0.5 inch of each other, into direct con^^S, 
other within , a plurality of small mixing recesses or cups at the injector surface, or at Tangle of 
from about 600 up to about 180" relative to each other for intersecting contact or impingement and 
admixture immediately above the injector surface, for discharge or injection of t^Cmo^ous 
preheated pressurized mixture into the fluidized bed reactor at high speeds. TheTwdS of the 
gas mixture within or immediately above the injector surface prior to injection into the eTction zone 
is less than about 9 milliseconds after the mixture is formed, preferably ess than about 2 
milliseconds, and most preferably less than 1.0 millisecond, to substantially avoid undesirable eas 
phase reactions upstream of the catalyst zone. Also the velocity of the homogeneou ■ S mt tufe as 

SOto'C^ 0111 n ° ZZleS iS fr0m ab0Ut 25 10 1000 «o^&y SSo^t 

50 to 500 ft/sec and most preferably between about 50 and 300 ft/ sec, whereby effid«^M 

production is enabled by compact reactors of higher throughout than heretofore pSe. " § 

As used herein, references to the velocity at which the gaseous premix is passed to the nartiai 
oxidation zone should be taken to mean the local gas velocity b^^^^^Sc 
mixing nozzles, and not some reactor-average superficial velocity. ? 

Another critical feature of the present high speed gas mixers/injectors is that they are designed to 

nSl^y^u^*,** h""" 1 8 M PreSSUrC "J-tor whi'ch is 

gas pre sure ?P ?retl " l i ' P ° SSlbly "T ^ ^ 5% l0Wer than the ,owe *< "P»tream 
gas pressure (P„), relative to the gas pressure within the inlet of the reactor (P ) which oressure k 

normally between 10 and 100 atmospheres, preferably between about 20 an 50 Z£*S7c 

pressure drop -^0^^^^^^ * 
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hydrocarbon and oxygen-containing streams that is very reactive, particularly reactive at the high 
pressures and temperatures desired for syngas, generation, the time available to mix the gases before 
introducing them into the partial oxidation zone is very limited. Thus, we have discovered that feed 
injectors that achieve high levels of E„, in very short physical distances - distances on the order of 
inches, not feet achieve high Em in short L/DAx wherein DAx is the diameter of the axial stream 
orifice, usually the oxygen gas orifice and L is the distance downstream from the point of initial 
contact between the gases, such as the lowest level of the radial gas orifices, adjacent the cup floor 
containing the axial gas orifice. However, for the large scale reactors of commercial interest; use of 
single injectors would require a large DAx at any reasonable injector velocity, and so achieving high 
En, in a short L/DAx is not sufficient. Thus a critical feature of this invention is the use of an 
injector having a plurality of mixing nozzles or chambers or cups, which serve to reduce the injector 
dimensions (reducing DAX) and reduce the physical distance (and hence time) required to achieve a 
gaseous premix having a high degree of feed uniformity. 

Finally, the use of a plurality of injector nozzles presents the problem that multiple nozzles can 
interact and become unstable, and also presents the problem that multiple injector nozzles must all 
be fed at the same stoichiometry. Thus, a third key feature of this invention is the use of an elevated 
pressure drop of more than 1% for the gaseous premix from the nozzles to provide uniform, stable, 
and noninteracting flows of admixed streams into the partial oxidation zone. 

Brief Description of The Dra3yiM 

Fig. 1 is a diagrammatic illustration of an upfacing injector fluid bed reactor 
apparatus according to one embodiment of the present invention; 

Fig. 2 is a cross-sectional side view of a single nozzle section of a multi-jet injector useful in 

association with a syngas reactor according to the present 

invention; 

Fig. 3 is a plan view of the face and certain channels beneath the face surface 
of a multi nozzle injector as illustrated in Fig. 1; 

Fig. 4 is a perspective view of an individual injector mixing nozzle as present in the multi-nozzle 

injector of Fig. 2, according to one embodiment of the present 

invention; 

Fig. 5 is a cross-sectional view taken along the line 5-5 of Fig. 4; 

Fig. 6 is a diagrammatic illustration of a side-facing fluid-bed injector apparatus illustrating 
placement of one of a plurality of mixing nozzles within posts that rise up from the floor into an area 
of the fluid bed to permit side-facing or 
downward-facing injection of the gaseous premix; and 

Figs. 7 and 8 are cross-sectional side views of single nozzle sections of multijet injectors useful in 
association with a syngas reactor accordin to other 
9 

embodiments of the present invention. 
Detailed Description of The Drawings 

Referring to Fig. 1 , the upfacing gas-injector/fluid bed catalyst reactor apparatus 1 0 thereof 
comprises an assembly of a lower multi-jet face-mix gas injector means 1 1, an upper reaction 
chamber comprising a fluid bed 1 2 of catalyst at the support or inlet face surface 1 3 of the injector 
means 1 1 and a downstream overhead reaction zone 19 leading to a syngas cooling and recovery 
means 1 5. The plurality ofjet nozzles or cups 14 at the face surface 13 of the injector means 1 1 
discharge directly into the fluid bed 12 of catalyst to assure the uniform injection of a homogeneous 
gaseous premix of methane and oxygen, in the desired predetermined oxygen (02) / carbon (CI) 
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molar ratio of from about 0. 3 up to 0. 8 to 1. 0 mole of (C) preferably 0.45 - 0.7 to I.O. 
Separate methane supply conduit 17 and oxygen supply conduit 18 feed 

continuous streams of preheated, pressurized methane and oxygen into and upwardly through the 
manifold methane passages 23 and oxygen passages 22 for intermixing within the plurality ofjet 
nozzles or cups 14 at the face surface 13 of the injector means 1 1 or for angular impingement 
immediately above the face surface 13 of the injector means I 1. The methane passages 23 and 
oxygen passages 22 have exit orifices sized so that the pressure of the gas as it passes through these 
passages and orifices is reduced to a pressure that is more than 1% lower, preferably more than 
3% lower, and possibly more than 5% lower than the lower of the upstream 
pressures in the methane conduit 17 or the oxygen conduit 18. This ensures even distribution of 
methane and oxygen to the plurality ofjet nozzles or cups 14, ensuring that each jet nozzle or cup has 
the same oxygen/carbon ratio, which uniformity eliminates local hot spots, local carbon deposition, 
and reactor instabilities. 

It is preferred that the jet nozzles or cups 14 are sized so that the gas residence time of the mixture 
in the injector is substantially less than the autoignition delay time of the mixture, and preferably less 
than 9 milliseconds, more preferably less than 2 millisecond, and most preferably less than about 1.0 
millisecond. This prevents reaction of the gaseous premix in the gas phase within the injector means 
1 1, and/or out of contact with the catalyst, which reaction would proceed with excessive heat 
generation that is damaging to the catalyst and syngas reactor. 

The injection of the present pre-heated and pressurized light hydrocarbon and oxygen gases into 
admixture in the desired proportions to form the gaseous premix having a reduced pressure which is 
more than 1% lower, preferably more than 3% lower, and possibly more than 5% lower than the 
lowest upstream pressure of either of the gases, into the inlet of the reaction zone within a time 
period equal to or shorter than the autoignition time period thereof, preferably less than 9, 2, or 1.0 
millisecond is the essence of the present fluid bed syngas generation (FBSG) process. The present 
process enables the reduction of reactor size and the reduction of catalyst agglomeration by pre- 
forming the desired gaseous premix of the gases before injecting the homogeneous gaseous premix 
into the fluidized catalyst bed 12 within the reaction zone of the reactor. It is highly advantageous for 
safety reasons when using pre-heated and pressurized feeds, to inject or blow the homogeneous 
gaseous premix into the fluidized catalyst reaction zone immediately, for immediate 
controlled reaction since the gaseous premix is pre-heated, pressurized, 
homogeneous and has the desired stoichiometry for the most desirable syngas formation. 

Suitable feed injectors that meet these criteria have been developed for use in the aerospace 
industry. One such device is called a microinjector or platelet burner. 

The principal of this injector is that many small mixing nozzles or cups are uniformly-spaced over 
the large diameter face of the injector and are supplied with the individual gases through separate 
passages in a manifold of the injector for admixture in the nozzles or cups or in an impingement area 
immediately above the face of the injector. Any such mixing approach can be used in the nozzles, 
but some will be more amendable to fabrication and to rapid mixing. A preferred approach is the use 
of nozzles called "triplets", in which there is a central or axial flow of one reactant such as oxygen, 
through the oxygen passages of the manifold and into each recessed nozzle cup, and the second 
reactant such as methane is introduced to the cup in at least two opposed or intersecting jets up to 
about I inch below the injector face. An advantage of this triplet design as applied to the present 
process is that is has very good anti-flashback properties, which are highly desired for hot high 
pressure CH4/02mixing. Figures 2 and 3 illustrate such an injector, injector face, and suitable triplet 
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mixing nozzles or cups. 

S^&XtZv^Z^ in larse diameters ' with spacing of "* »**■« 

and residence times ™ kept veW low A nrefe^ h °™? eneou / reacti °" mixing lengths 

ei nj ec,or^^^ 

.solated gas passages 22 and 23 for oxygen and methane, which oasZra 

high velocity. The pJesentTn^art eas Si* 5 ""^ g3SeS and the m " tu ^ « 
specified flow to all nozzles or cups 24. 8 ^ man ' f0ldS Wh ' C " are en S ineered <° P™*= equal 

areas thereof with segregated oxygen passages 22 and methane passages 21 

a very large number of pSy -me ered ™ JJ'J "* ° f the individual ™° 

communicate within or imm diate™y above a pluS ml of mTxin ", d,VidUal ^ wWch strearas 
at the face surface 25 of the injector 20 V 8 OZZ ' eS 0r cups 24 which are °P«> 

^rorThe^h 200 ' H gS - 2 a " d 3 iSOlate the ^ teed 

fluidized bed reaction zone P P C ° mpared 10 ,he P ressure the inlet to the 

■o the proximity to the reac ion zone ^S^ES^i?'.' 0 PreVen ' dimage lhere, ° due 
between 87O'13200C. This coo^^^T^ ^ about 700 '- l6 ™, preferably 
■o feed temperatures of m^C^y^l'^TZ^^ «"««»!• Plated" 
passages, such as 23, immediately helow th. i* , O00C ' throu g h circulation 

injector 20 to cool the fTe surfa % ifZu bZlT" ^ 2 ' the faCe SUrface 25 <* 

the reaction zone as the gas o mS> f™„ ,h™ h S f 1 tem P erature ' su <* as 1000T, within 
gaseous premix. § g 65 PaSS thr ° Ugh the man,fold t0 the mixing cups 24 to form the 

^■^^ u/2o/oi 
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In a preferred embodiment of the present invention, the catalyst fluid bed 12 is one comprising an 
admixture of particulate metal oxide, as a carrier material, in concentration ranging from about 10 

mlc onstTbo" 90^ ^ ^ 3 ° miCr ° nS t0 ab ° Ut 150 micr0ns > *™ ^60 

microns to about 90 microns, in concentration ranging from about 0. 1 percent to about 90 oercent 

based on the total weight of the admixture. Preferably, the catalyst is constituted lot "2Z«T 

carrier, such as a refractory inorganic oxide, particularly alumina, with which L composS metal 

r. 1\ , b °" mo h noxide from Iow ^lecular weight hydrocarbons contacted with a flu dTzed Kf the 
r^erT & ^"Tu Mrothermal conditions, suitably a nickel-on-alumina catlyst and 
preferably a nickel-on-alpha alumina catalyst of particle size distributions corresponding to mat of 

W !«n e - An admiXtUrC C ° nStitUted 0f from about 10 P e "*nt to about 99 £S^fe^l v 
from about 80 percent to about 99.5 percent of said precalcined particulate r^a^S^ 

r,M° Ut , ? 1 t0 ab ° Ut 90 Percent; P referabl y from a ^t 0.5 percen to abou percent of 

rorcfeitr: as out 870 h ■ 1 32oo , c and 

in the presence of steam, or oxygenUx" S2^^ 
ignificant smtermig of the particulate metal oxide or catalyst componen S o " h admixle 
J ; ri 1S t e ' there ' S no S1 .g nifican t disintegration of either componenf of the admixture^ ^ or 
degradation of the particles of the admixture to produce agglomerates. 

The reaction of the gaseous premix within the partial oxidation zone 12 
requires means to cause the initiation of the reactions. Suitable means to initiate reaction in a 
gaseous partial oxidation zone include heating of the zone, as well as theT^^rf.^ 

mmmmsm. 
aciu i j'liu 

TO F ig 5i ; S;:»:5t ? ozzie or t p 50 - an **■ «* «« 

horizontal methanol co„d ui J 5 fand Slle^ul ° h *" ""^ 50 ° f 4 and 5 ' "» 
0.30", and are slightly offset relal v. ,„ ?, haVe CT " orifice width W ° f a °°"< 

flows therefrom! h^Sw aX^,^"' 35 '"T™** Rg - 5 ' 50 * at the ™ lha » g=>s 
veriiea, o Xyg e„ .JZ^^a'C?^ ZTo" £ loT *"T ^ 
m "" Ure '° SWirf With » - -P 50 as the gaseons "I^nd e^ti 9 
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SJES^S?"*' 4 ^ 5 ^ iHUStrated WUh a CU P ^ 0f about 0. 5 inch and a cup 



for X FBSr g Th P g : ^ doubling) the cup depth to about I inch results in a more preferred injector design 
for FBSG. The deeper injector nozzles are more resistant to fouling, and thus are preferred to the 
extent that residence time limits within the injector nozzles are no^xceeded ?Jto1S^« 
feted in the absence of catalyst the gaseous premix ejected from the mixing cup 50 can b e 
characterized for mixedness E.n in a plane 55 located a distance L downstream of me point of 
impingement of the gases. Preferred injectors achieve En > 751/o, more prefemb ly > 80% at 
downstream distances L < 10 DAx, more preferably between I and 6. 

by Fig - 6 ' thC injeCt ° r Stand 0r element 40 the ^of is one having a 
plurality of extended micromjector means, such as 41 and 42, which are fed by a common coaxial 
gas conduit 43 having a central oxygen gas supply pipe 44 and an outer methane nine 45 

mtSl re"? 1 W ShCath ° f refraCt01 ? inSulation 47 "HI ^Tu^i p z i 

interior of the reactor and into the lower stratum of the fluidizable catalyst bed 46 so that the 
micromjector means 41 and 42 inject the gaseous premix of oxygen 

nozzles at the face surface thereof horizontally or downwardly, at an angk of SLTS 90' 
down from horizontal, into the fluidized catalyst bed 46 to produce the partial oxidation and 11 
reforming reactions. The injector means 41 and 42 may be of the mJfZtZm^ by fThs 

injector, and the size of the latter. For example the tubular cup 24 of Fig 2 oreferablv cvIinHri^i 
of the reactor ^ ° Xldatl ° n ' CSpecia,ly C02 formation ' in all areas 

The preferred embodiment of the FBSG injector incorporates several 

features, many of which serve to reduce erosion caused by the fluidized bed solids. 

S ZoZ 64 ^ ******* uniform 

the injector with erosion as the rZ\trJr „ f T Su u ch J ZOnes cause soIld Particles to flow into 
radially directed steams may ^^^^ "^T ^ fl ™ The 
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section, thereby preventing the formation of fluid recirculation zones. The preferred ratio of swirled 
fluid angular momentwn to axial fluid linear momentum is 0.2 to 1 The most preferred range is 0 1 
The other method is to extend the length of the mixing cup to allow development of the flow As the 
flow develops, it tends to more uniformly fill the cross-section of the mixing cup, also avoiding 
recirculation zones. The preferred ratio of mixing cup length to mixing cup diameter is in the range 
of 1 2 The most preferable embodiment is a combination of these features. 

In spite of efforts to provide uniform flow and to avoid fluid recirculation zones, some solids can 
enter the mixing cup 64 along the fluid boundary layer which forms on its inside surface. A slight 
reduction of the mixing cup diameter just prior to its discharge, as illustrated by lip 61 in Figs 7 and 
8, serves to disrupt the boundary layer. This reduces the tendency for solids to fall along the ' 
boundary layer into the mixing cup. The diameter reduction needed is small, on the order of 5% or 

ess of the nominal mixing cup diameter. The axial length of the reduced diameter zone, or the 
thickness of lip 6 1 , can likewise be as short as practical, on the order of 0 0.050 inches. A suitable 
boundary layer disrupter flange or hp 61 is illustrated in Figs. 7 and 8. 

Particles may still enter the injector due to fluid bed pressure fluctuations or process upsets To 

Pr m e T 10n ' tHe f PartideS Sh0Uld be e J eCted from the mixi "g CU P q^ckly. Referring to Figs 4 
and 5, the bottom of the mixing cup 50 thereof is shown as a flat surface which intersects the wall of 
he mixing cup at approximately a right angle. This geometry may cause the fonnation of internal 
e n C ?'T ™T T pa i d L cles can remain for some time * suiting in erosion along the walls 
^boll'nflu ° m ° f f thC "I™ 8 CUP al ° ng thC CUP WalL A preferred -rangenfent is to taper 

t Fi Id ? A m / Xmg w P fr0m f aXial flUid inl6t 65 t0 the mixin S CU P wal1 ' s hown as taper 62 
in Fig . 7 and 8. A typical taper angle is on the order of 100- 1200. Such tapering prevents the 

formation of internal recirculation zones and promotes ejection of particles from the mixing cup 50. 

h^il i0n t reSiSt ^ Ce t0 / r ° Si °, n at the b0 " 0m ° f the mixin S CU P 50 can be Gained by coating the 

d TX '"f 6 r faCe ° f th£ CUP Wkh an erosion resistant materiaI ' in ^e same fashion a r 
described below for the injector surface. i«»"hhi di> 

Erosion of the top surface 67 of the injector means 60 of Figs. 7 and 8 can be reduced by either 
coating the top surface 67 with an erosion resistant material or by extending the mixing cup 6 Tin the 
form of a short tube 66 above the injector surface 67, as shown in Fig. 8. If an erosion resltant 

SKn^r h h0U H ,d , be b r ded ;° injCCt0r SUrfaC6 ' - d Sh0u,d P° ssess Prop"" it 
will remain tightly bonded to the surface after repeated thermal cycling of the inLtor Ideally the 

5S?nSn° n r h ° f er f 0n ? iStant material Sh ° Uld matCh ° f the mat - ial * cS2iSL 
of the injector. In the case where the injector is made of metal, metal bonded erosion resistant 

coa ings such as nickel-chrome chromium carbide are useful. The erosion resistant maSmav be 

applied by any means known in the art, such as, plasma torch spraying, high veloc ty torch sZins 

tZTZ^ 8 ' ^ If " ding miXing CUP 64 15 USed ' * shou * a shoCis ance S ' 

above the injector surface, as shown at 66 of Fig. 8. The distance the mixing cup is extended should 

be less than one mixing cup diameter. The fimcfion of the extension 66 is to albw flu d be sol T 
to res on the injector surface, preventing contact between the surface and the mZing Huid bed 
particles. This effectively prevents surface erosion. It also has the benefit of providing ome Measure 
of thermal isolation of the injector surface 67 from the hot fluid bed. P rovmin 8 some measure 

Also, it is essential to maintain a pressure reduction of the lowest upstream gas pressure ( P ) 
hrough the injector which is greater than 1 % or 3%, and possibly gLer than abou 5% dative to 
he gas pressure within the inlet of tile reactor (P"), i.e., AP/Pc isequal to (Pu-Pc)/? a!d fg eat r 
than 1 ft, preferably greater than about 3% where Pu is the lowest upstream feed 

file://C:\WINNTAProfiles\hdelasa.000\Temporary Internet Files\OLK6F\WO9849097.html 



11/20/01 



the pressure drop through the injector and Pc is the reaction chamber inlet pressure. The upper limit 
of this value can become impractical high as the flow velocity through the injector approaches sonic. 
Generally the flow velocity is maintained within practical limits for economic reasons and to avoid 
or reduce particle attrition in fluidized catalyst beds, and erosion. 

According to a fin-ther embodiment of the present invention, the formed 

useful syngas is cooled, recovered and treated for use in ftuther synthesis processing. 

Such treatment may include purification to remove the low amounts of ammonia and hydrogen 
cyanide produced in the partial oxidation process. Suitable processes for removing ammonia and 
hydrogen cyanide from gaseous streams are well known in the art. The removal of ammonia and 
hydrogen cyanide may be effected in a single stage or in a plurality of stages. The cooling step may 
be effected before or after the purification treatment steps, as appropriate to accommodate preferred 
temperatures of the treatment process. Small amounts of hydrogen may be separated out of the 
syngas for use in hydrocarbon upgrading stage. 

The treated syngas may be used in processes that produce methanol and 
methanol based products, hydrocarbon synthesis (HCS) products such as liquid hydrocarbons, 
olefins, alcohols and aldehydes, oxo-synthesis products, ammonia and ammonia based fertilizers and 
chemicals, town gas or reduction gas used for the production of sponge iron, etc. 

In a conventional hydrocarbon synthesis (HCS) process, liquid and gaseous hydrocarbon products 
are formed by contacting the present syngas comprising a mixture of H2 and CO with a suitable 
Fischer-Tropsch type HCS catalyst under shifting or non-shifting conditions. Suitable Fischer- 
Tropsch catalysts comprise, for example, one or more Group VIH catalytic metals such as Fe, Ni, 
Co, Ru, and Re. 

In one embodiment the catalyst comprises catalytically effective amounts of Co and one or more of 
Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg, La on a suitable inorganic support material, preferably one which 
comprises one or more refractory metal oxides. 

Preferred supports for cobalt-containing catalysts comprise fitania, particularly when employing a 
slurry HCS process in which higher molecular weight e.g., C10-, products, primarily paraffinic 
liquid hydrocarbon products are desired. 

The hydrocarbon products produced by an HCS process according to an 
embodiment of the present invention are typically upgraded to form suitable products such as, 
synthetic crude oil, liquid fuels (e.g., jet and diesel), a lubricating, industrial or medicinal oil, waxy 
hydrocarbons, olefins (by, e.g., catalytic cracking or steam cracking). These processes are well 
known to those skilled in the art and need not be described here. All or a portion of the HCS 
products can be fractionated and then converted in one or more steps with or without a suitable 
catalyst or in the presence of hydrogen or both. Hydroconversion is usually prefer-red and includes 
mild hydrotreating (minimal branching) to make pumpable liquids, 
hydroisomerization (somewhat more branching, e.g., 25-651/0, and preferably monomethyl 
branching) for making distillates such as jet fuels and diesel fuels, and more severe 
hydroisomerization (wherein virtually none, e.g., less than lOwtO/o and preferably less than 5wt% 
of the feed remains unconverted) to make lube oils. 

These processes are also well known and reported in the literature in so far as catalysts and reaction 
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conditions are concerned. 

The foregoing description is only illustrative of the invention. Accordingly, the present invention is 
intended to embrace all alternatives, modifications and variances which fall within the scope of the 
appended claims. 

Claim 

1 A fluidized bed syngas process for the partial oxidation and steam 

reforming of hydrocarbon gas to usefid H2/CO-containing synthesis gas, comprising providing 
individual streams of desired stoichiometric proportions of a hydrocarbon gas and oxygen or an 
oxygen-containing gas at elevated pressures and temperatures, injecting said individual streams at 
high velocities into admixture with each other through an injector means having a plurality of 
mixing nozzles to form a gaseous premix having a reduced pressure which is at least 1% lower than 
the lowest upstream pressure of either of said gases, passing said gaseous premix from the plurality 
of mixing nozzles into a catalytic fluidized bed reaction zone to produce said useful H2/CO- 
containing synthesis gas, and recovering said synthesis gas. 

2 The process according to claim I in which the pressure of the injected 

gaseous premix is at least 3% lower than the lowest upstream pressure of either of said gas streams. 

3 The process of claim 1 in which said fluidized bed reaction zone is a 

partial oxidation zone containing Group VII and/or Group VIII metal-containing steam reforming 
catalyst. 

4 The process of claim I wherein the mixing nozzles are mixing cups 

recessed below the face surface of the injector means into which cups the gas streams are separately 
introduced through individual gas orifices and impinged to form the gaseous premix. 

5 The process of claim I which comprises passing the gaseous premix into 

the reaction zone at a velocity between about 25 to 1Q00 feet/sec. . The process of claim 4 
characterized by injecting one of the gases from an axial gas orifice in the floor of each cup, having a 
diameter (DAx) as an axial stream having a momentum and in ecting the other gas from one or more 
radial gas orifices 

j 

as at least one radial stream having a momentum, which impinges upon the axial stream to form the 
gaseous premix. 

7 The process of claim 6 wherein the efficiency of the mixing (E,) of the individual gases is at least 
75% when the gaseous premix is at a distance (L) which is up to ten times the diameter (DAx) of the 
gas orifice of the axial stream. 

8 The process according to claim I in which said stoichiometric molar 
proportions of oxygen (02) per number of carbon atoms in the hydrocarbon are 
between 0.3 and 0 

9 The process according to claim 8 which comprises passing the gaseous 
premix within about less than 2 milliseconds after it is formed. 

10 The process according to claim 3 in which said fluidized bed reaction 
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zone comprises a fluidized bed of steam reforming catalyst on aluminum oxide support particles. 1 
1. The process of claim 6 characterized by injecting the oxygen or oxygen containing gas as the axial 
strewn and injecting the hydrocarbon containing gas as the one or more radial streams. 

12 The process of claim 6 wherein the ratio of the summed momenta of the 

radially injected streams to the momentum of the axial stream is within the range of 0.5 - 4.0 to I.O. 
. The process according to claim I which comprises the step of injecting 

the individual streams through an injector means having a gas manifold assembled from a plurality 
of thin metal plates forming therebetween or therein and/or therethrough a plurality of segregated 
gas passages for conveying the individual streams through orifices into said mixing nozzles at the 
face swface of the injector means. 

14 The process according to claim 13 which comprises providing a plurality of said gas passages 
beneath and parallel to the plate forming the face surface of the injector means, and circulating at 
least one of the gases through said gas passages to cool the face surface of the injector means by heat 
exchange. 

15 The process according to claim I which comprises the step of further 

processing the recovered syngas via the Fischer-Tropsch reaction to produce liquid hydrocarbons. 

16 The process according to claim 15 which comprises the further step of 
reacting said liquid hydrocarbons by hydroconversion to produce useful products. 

17 The process according to claim 6 which comprises introducing said 

somewhat radial gas strewns as opposed but offset streams which impinge the axial stream 
tangentially to produce a swirling gas mixture within the mixing cups. 

18 A fluidized bed apparatus for the partial oxidation and steam reforming of light hydrocarbon gas 
to convert such gas to usefid 1-12/CO-containing synthesis gas, comprising injector means having a 
manifold containing a plurality of segregated passages for directing individual streams of desired 
molar proportions of heated and pressurized hydrocarbon gas and oxygen or oxygen-containing gas 
through individual gas orifices at high velocity into admixture with each other at a plurality of 
mixing nozzles which are spaced over the face surface of the injector means to form a gaseous 
premix having a pressure which is at least 1 % lower than the lowest upstream pressure of either of 
said gases, and for passing the formed gaseous premix in a time period shorter than its autoignition 
time into a fluidized bed reaction zone, a reaction chamber comprising a catalytic fluidized bed 
reaction zone for reacting the gaseous premix to produce the desired useful H2/CO-containing 
syngas, and means for recovering said syngas. 

19 An apparatus according to claim 18 comprising injector means adapted 

to pass the gaseous premix into the fluidized bed reaction zone within about 2 milliseconds after the 
mixture is formed. 

20 An apparatus according to claim 18 in which each of said mixing nozzles comprises a tubular 
mixing cup having a bottom orifice for admitting an axial flow of oxygen or an oxygen-containing 
gas having a momentum, and having opposed side orifices for admitting somewhat radial flows of 
the light hydrocarbon gas having a summed momenta to form the gaseous premix within the cup, 
open at the face surface of the injector means to the fluidized bed reaction zone. 2 1 . The apparatus 
according to claim 20 in which said opposed side orifices are radially-offset relative to each other so 
that the somewhat radial flows of the hydrocarbon gas impinge the axial flow tangentially to cause 
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the formed gas mixture to swirl within each cup. 

22 An apparatus according to claim 18 wherein the mixing cups are 

provided with boundary layer disrupter means projecting from the face surface of the injector 
means, at the ejection opening of each of the cups, to retard circulation of the fluidized bed solids 
into said cups. 

. An apparatus according to claim 18 wherein said boundary layer 

disrupter means includes a narrow radial flange extending inwardly from the face surface of the 
injector means to reduce the width of the ejection opening of each of said cups. 

24 An apparatus according to claim 18 wherein said mixing cup includes a 

short tubular extension neck which projects axially above the face surface of the injector means, 
around the ejection opening of each of said cups. 

25 An apparatus according to claim 18 in which the said injector means 

comprises a manifold assembled from a plurality of thin metal plates forming therebetween or 
therein and/or therethrough a plurality of segregated passages for supplying the individual gases to 
the mixing nozzles. 

26 An apparatus according to claim 25 in which said manifold comprises a 

plurality of gas passages beneath and parallel to the metal plate forming the face surface of the 
injector means to cool said face surface by heat-exchange. 

27 An apparatus according to claim 18 comprising a plurality of injector 

means supported on common gas-supplying conduits for extension within the fluidized bed reaction 
zone. 

28 An apparatus according to claim 27 in which said injector means are 

supported in positions to pass the gaseous premix at an angle of from 00 down to 90' from 
horizontal into the fluidized bed reaction zone. 

29 An apparatus according to claim 20 wherein the mixing cups are 
cylindrical and have a conical wall section adjacent the floor thereof. 
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